Bran is a rich source of dietary fiber (DF). It has a strong influence on the baking quality of wheat flour. With increased bran content, bread volume decreases, and bread gets darker and has different textural and sensory properties. Enzymes have long been used in the baking industry to improve bread quality, 1, 2) and by the addition of hemicellulose modifying enzymes such as xylanases and cellulases it is possible partly to solubilize the cell wall components of bran to provide better baking performance.
Bread with added bran is an important source of DF in the diet, and increased intake of DF has been found to be associated with many health benefits, 3) including a reduced risk of colorectal cancer. 4, 5) In the case of colorectal cancer, the preventive effects are thought to be related to microbial fermentation of DF and the formation of short chain fatty acids, especially butyrate, in the large intestine. 6) Prebiotic oligosaccharides, which are neither digested nor absorbed in the small intestine and selectively promote the growth and activity of beneficial microbes in the colon, can be produced from bran DF. 7) Arabinoxylan (AX) is the main non-starch carbohydrate constituent of DF in wheat bran, 8) and, similarly to its water-soluble hydrolysis products, arabinoxylooligosaccharides (AXOS), it has been found to have prebiotic properties. [9] [10] [11] A large part of both bran DF and AX is insoluble in water. By using cell wall degrading enzymes, such as xylanases, in the baking process it is possible to increase the amount of soluble AXOS and other fiber components, which in turn can enhance the growth of potentially health-promoting bacteria in the colon. The prebiotic potency of these carbohydrates can be evaluated in vitro on the basis of anaerobic fermentation of them by known healthpromoting bacteria, such as probiotic bifidobacteria and lactobacilli.
The objective of the present study was to determine whether baking enzyme mixtures, optimized to improve the organoleptic quality of bread, can produce soluble fiber material with prebiotic properties. To this end, two different enzymatic treatments of wheat bran were tested. Instead of using wholemeal flour, the bran was isolated and treated with hemicellulose-degrading enzymes such as xylanase, glucanase, and cellulase before the dough-making and baking process. The soluble fiber material was extracted from the bread using water and separated from digestible material using gastrointestinal enzymes. The isolated fiber was used as a growth substrate for 12 probiotic and intestinal bacterial strains and for two commensal bacterial strains. For safety, potential intestinal pathogenic strains of E. coli O157:H7, Salmonella typhimurium, and Clostridium perfringens were included in the growth assay as well.
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Materials and Methods
Enzymes. All enzymes used were from Genencor (Brabrand, Denmark), a Danisco Division. Two combinations of enzymes were used: enzyme mix 1 and enzyme mix 2. The compositions of the two enzyme mixes are listed in Table 1 .
Flour. Commercial wheat flour and corresponding bran fractions produced by milling were obtained from Valsemøllen (Esbjerg, Denmark). The fractions obtained and their relative yields by commercial milling are shown in Table 2 . Based on the relative yields, it was possible to combine the fractions in the right relative amounts to make reconstituted whole grain flour, and also a reconstituted bran fraction.
Bread making process. A standard procedure was used in making the bread. The dough formula was as follows: reconstituted whole grain wheat flour 2,000 g, dry yeast 30 g, salt 30 g, sucrose 30 g, and water 1,420 g. The ingredients were mixed in a Diosna Spiral mixer (Diosna, Osnabrück, Germany) to a temperature of 27 C, followed by 10 min of rest at ambient temperature. Then, the dough was scaled to a loaf weight of 750 g, left to rest another 5 min at ambient temperature, moulded, and put into baking tins, followed by 55 min proofing at 34 C. Finally, the bread was baked for 30 min at 200 C in a roll-in oven (Miwe, Arnstein, Germany).
In the production of the reference bran bread (bread 1), the above process and ingredients were used. In the production of the bran bread with pretreatment (bread 2), the bran fraction was mixed with the water in the recipe and incubated for 3 h at 50 C. Then, the bran was mixed with the rest of the flour and dough was prepared. Production of bran bread with enzyme mix 1 (bread 3) was done as bread 2, but with enzyme mix 1 at the pretreatment step. The production of bran bread with enzyme mix 2 (bread 4) was done as for bread 3, but with added enzyme mix 2.
Extraction and isolation of soluble fiber from the various types of bread. The bread was milled with a Moulinette D56 grinder (Moulinex, Espoo, Finland) equipped with stainless-steel blades. Ten g of milled bread and 125 mL of deionised water were mixed and shaken for 1 h at 22 C. The water phase was separated by centrifugation at 30;000 Â g for 10 min and filtering the supernatant through filter paper (Whatman 3, Whatman, Kent, UK). Then, the water extract was treated with gastrointestinal enzymes to degrade soluble starch and protein.
12) Ten mL of 0.2 M sodium phosphate buffer pH 2.5 was added to 90 mL of the extract, and the pH was adjusted to 2.5 with 1 M HCl. Next, 5 mg pepsin (Sigma P7000, Sigma-Aldrich, St. Louis, MO), dissolved in 1 mL of 20 mM HCl was added, and the sample was stirred at 37 C for 3 h. Then, the pH was adjusted to 7 with 1 M NaOH and 1 mL of solution containing 10 mg of pancreatin (Sigma P3292, Sigma-Aldrich, St. Louis, MO), and 5 mg of -amylase (Sigma A3176, Sigma-Aldrich, St. Louis, MO), dissolved in deionised water, was added. The sample was stirred at 37 C for 3 h and placed in a boiling water bath for 10 min to precipitate protein. Following centrifugation at 30;000 Â g for 10 min, 4 volumes of acetone-ethanol (1:1) mixture was added to the supernatant, and the fibers were allowed to precipitate at +4 C overnight. Then the sample was centrifuged at 30;000 Â g for 10 min and the supernatant was discarded. The solid residue was dissolved in 40 mL of deionised water and re-precipitated with 4 volumes of acetone-ethanol (1:1) mixture at +4 C overnight. After centrifugation at 30;000 Â g for 10 min, the supernatant was discarded and the precipitated soluble fiber extract was dried at 60 C for 5 h under vacuum.
Sugar composition of soluble fiber extract. The dried fiber extract was dissolved in deionised water (10 to 30 mg/mL). Then 0.1 mL of the solution was mixed with 0.1 mL of 2 M H 2 SO 4 and this was hydrolyzed to monosaccharides by incubating the solution at 100 C for 3 h.
13) The sample was diluted to 10 mL with water, and the monosaccharide composition (arabinose, xylose, glucose, galactose, and mannose) was determined by the Dionex HPLC system (Dionex, Sunnyvale, CA) equipped with an ED50 pulsed electrochemical detector (PED), a GP50 pump, and an AS50 sampler. Separation of monosaccharides 14) was performed using a CarboPac PA-1 column (pre column 4 Â 50 mm, analytical column 4 Â 250 mm) and gradient elution with a mobile phase that consisted of a mixture of water (A) and 0.2 M NaOH (B). The gradient was 0-1.1 min, A ¼ 90%; 5-29 min, A ¼ 100%; 30-40 min, A ¼ 0%; 41-58 min, A ¼ 90%. The flow rate was 1 mL/min and the column temperature 30 C. A solution of 0.3 M NaOH was added to the column effluent before the PED cell at a flow rate of 0.6 mL/min. The concentrations of monosaccharides were calculated by the external standard method. The constituent monosaccharide values of acid-hydrolyzed fiber were converted into the equivalent polysaccharide values using appropriate conversion factors: 0.88 for pentoses and 0.9 for hexoses.
Protein in the soluble fiber extract. The protein concentration in the soluble fiber extract was estimated by bicinchoninic acid assay (BCA Protein Assay Kit, Pierce Chemical Co., Rockford, IL), with bovine serum albumin as standard.
Preparation of probiotic, commensal, and pathogenic strains. Prior to BioScreen testing, pre-cultures of the microbial strains were made according to the manufacturer's instructions by cultivating the strains until the late exponential growth phase in de Man, Rogosa, and Sharpe (MRS) broth (Lab 94, Lab M, Lancashire, UK) anaerobically overnight at 37 C. The strains tested are listed in Table 3 . They consisted of commercial probiotic bacteria, and commensal and pathogenic bacterial strains. Pre-cultures were freshly prepared and washed for each assay. 
Testing for prebiotic effects by BioScreen growth assay. In order to minimize the effects of variation between the growth assay runs and to ensure optimal comparison between bacterial strains, all candidate products were tested within the same BioScreen run. Pre-cultures of microbes were prepared fresh for each run. MRS broth without glucose was used as the growth medium. The composition was as follows: mixed peptones 10 g/L, meat extract 10 g/L, yeast extract 5 g/L, potassium phosphate 2 g/L, sodium acetate 5 g/L, magnesium sulphate 0.2 g/L, manganese sulphate 0.05 g/L, Tween 80 1.08 g/L, and ammonium citrate 2 g/L (pH 6.4). All growth media and test tubes used were prepared by the Hungate boiling system in order to generate anaerobic growth conditions for the microbes. 15) A 1% microbial suspension of the bacterial pre-cultures was prepared using fresh growth medium. BioScreen runs were carried out using 100-well honeycomb plates. Twenty mL of working solution of each product candidate, either glucose as positive control or a carbohydrate-free medium as negative control was applied to the wells and 180 mL of fresh growth medium containing 1% pre-cultured bacteria was added to make up 200 mL of culture with 1% carbohydrate content. All candidates and the appropriate controls were tested at least in triplicate. Incubation was carried out with the BioScreen C apparatus (Growth Curves, Helsinki, Finland). Anaerobic conditions (80% N 2 , 10% H 2 , and 10% CO 2 ) were maintained using a Concept 400 anaerobic chamber (Ruskin Technologies, Leeds, UK). The results were calculated and expressed as growth relative to positive glucose controls.
Statistics. Statistical analysis of the data was performed using Prism 5.01 software (GraphPad, La Jolla, CA). Significant differences between data sets were determined by two-way ANOVA, and p < 0:05 was considered significant.
Results and Discussion
Pretreatments of bran by enzymes Two different enzymatic treatments of wheat bran were used to increase the amount of soluble fiber in the bread. The aim was to determine whether baking enzyme mixtures, optimized to improve the organoleptic quality of the bread, would produce soluble fiber material with prebiotic properties. The aim was not to find the levels of individual enzymes producing maximal amounts of soluble fiber material, although this can be investigated in the future. To lengthen the time for enzyme hydrolysis, enzymes, bran, and water were mixed and incubated at 50 C for 3 h before dough making. The results of an analysis of the soluble polysaccharides (%) after in vitro gastrointestinal enzyme digestion of water soluble fiber extracts isolated from the test breads are presented in Table 4 . Pretreatment of the bran with water at 50 C for 3 h before dough making had no effect on the amount of soluble carbohydrates as compared to the reference bran bread, whereas the inclusion of enzyme mixes 1 and 2 at the pretreatment step increased the amount of soluble carbohydrates significantly (p < 0:001). The enzyme treatments of the bran also slightly increased the amount of soluble protein resistant to digestion and boiling. The solubilizing effects of baking enzymes on bran fiber are shown in Fig. 1 . The significant increase (p < 0:001) in soluble xylose and arabinose-containing polysaccharides as compared to the reference bran bread resulted from the hydrolytic action of endoxylanase in Grindamyl powerbake 950 on insoluble arabinoxylan. The slight increase in soluble glucose-containing polysaccharides or cellulose probably resulted from glucanase/cellulase activity in Laminex GC220. Galactose, probably originating from arabinogalactan-peptides, 16) and the mannose-containing polysaccharides were not affected by the enzymatic pretreatments.
Fermentation of soluble fiber by probiotic, commensal, and pathogenic bacteria Seventeen types of probiotic, commensal, and pathogenic bacteria were examined for their ability to ferment soluble fiber isolated from the test breads. Glucose was used as a positive control, and the culture medium 
a Results are mean AE standard error of the mean for three quantitative rounds of extraction and analysis. b Results are mean AE standard error of the mean for six rounds of extraction and analysis. Asterisks indicate statistically significant differences as compared to the bran reference bread, p < 0:05 was considered significant: Ã p < 0:05, ÃÃ p < 0:01, and ÃÃÃ p < 0:001. Asterisks indicate statistically significant differences as compared to the bran reference bread, p < 0:05 was considered significant: Ã p < 0:05, ÃÃ p < 0:01, and ÃÃÃ p < 0:001.
(glucose-free MRS) without the added fiber extracts was used as negative control. As expected, growth on glucose was higher and faster than on most of the fibers tested. The results for the growth of the bacteria are presented in Table 5 , where growth on different fiber extracts and on the negative control is shown in relation to growth on glucose. Statistically significant differences in growth were calculated between the negative control and the test substance. Fermentation analysis indicated that the probiotic strains had different capacities to grow in the presence of fiber. In general, the strains of B. longum, and especially probiotic strain B. longum Bl-05, showed the highest ability to utilize the fiber extracts. The best growth for B. longum Bl-05 (p < 0:001) was found with fiber extracts from bran breads pretreated with enzyme mixes 1 and 2, in which the concentration of xylose-containing polysaccharides was the highest (Table 4) . The other Bifidobacterium strains showed different capacities for fermentation, B. lactis and B. breve showing the slowest growth. The ability of strains of B. longum to ferment AX was demonstrated previously, even though this ability does not occur generally in Bifidobacteria. 10) Crittenden et al. have confirmed the ability of strains of B. longum to utilize arabinose moieties on AX but not efficiently the xylose consisting backbone. 17) Although the arabinose content of all the fiber extracts used in the microbial growth assays was nearly the same (Table 4) , the xylanase used in the baking process may have broken the AX into fragments, making the arabinose more accessible to B. longum.
Probiotic strain L. acidophilus NCFM did not appear to ferment the bread fibers, which consisted mostly of AX. A parallel property of Lactobacilli was found in a study by Crittenden et al., in which all 17 examined species did not to utilize rye AX. 17) The commensal strain of Bact. fragilis showed an ability to utilize the fiber extract efficiently after pretreatment of the bran with water (p < 0:01) and after pretreatment with enzyme mixes 1 and 2 (p < 0:001). The ability of Bact. fragilis to ferment AX has also been demonstrated. 17) A commensal strain of E. coli ATCC 11775 showed greater than 100% growth on all fiber extracts from the bran bread and on the culture medium as compared to growth on 1% glucose as substrate. Pathogenic strains E. coli O157:H7, C. perfringens, and S. typhimurium utilized all fiber extracts efficiently (p < 0:001), even though E. coli O157:H7 and C. perfringens also grew well on the glucose-free MRS culture medium, indicating that it might not be an optimal culture medium for growth studies with these pathogens.
Our results indicate that treatment of bran with enzyme mixtures optimized for the baking process can improve the fiber utilization of some probiotic and intestinal bacteria. In particular, species B. longum subsp. longum can benefit from the enzyme treatment. This might be biologically significant, since B. longum and its subspecies have been reported to be important and often the most abundant Bifidobacterium species in the human intestine of both adults and elderly subjects. Moreover, B. longum subsp. infantis has been linked to infant-type Bifidobacterium microbiota, typical of healthy infants, as opposed to the adult-type Bifidobacterium microbiota more often associated with allergic infants. However, in this study the tested strain of B. longum subsp. infantis did not utilize the fiber extract efficiently.
Conclusion
Enzymatic treatment of bran before dough making was found to increase the amount of soluble arabinoxylan. Of all the tested probiotic bacteria, the B. longum strains showed the greatest ability to ferment the fiber extracts. The L. acidophilus NCFMÔ, B. lactis, and B. breve strains did not utilize the fiber extracts efficiently. The other bifidobacteria displayed varying capacities to ferment the bread fibers. The tested 
The results for growth (%) are compared to growth in MRS medium with added glucose (1%).
potential pathogens were also observed to utilize the extracted fibers, which may be of importance when feeding these types of fibers to people colonized by these microbes. The enzymes used to improve the baking process for high-fiber bread can also be used to produce in situ soluble fiber material, which in turn can exert a prebiotic effect on certain potentially beneficial microbes. In particular, the results indicate a preference of commercial probiotic strain B. longum Bl-05 for arabinoxylans as growth substrate, and this might be of technological interest.
